Abstract Thermal waters have been used from ancient times. From those early experiences and the consecutive improvements in the understanding and treatment of these waters, all around the world different cultures and communities have used natural structures or have built facilities for the best use and exploitation of the mineral spring water. Nowadays thermal spas, inheritors of a rich and long tradition from the ancient world, combine classical techniques with innovative proposals. Thus, the introduction and implementation of new technologies in bathtubs, swimming pools, showers, saunas, etc., allow the efficient optimization of thermal techniques and hydrotherapy facilities. Moreover, the development of health tourism offers a new way to understand the use of thermal water, which requires higher quality and specialization of the spa services. Every year thousands of people travel to Europe for a healthy holiday and to improve their welfare and wellbeing. Resorts, spas, thalassotherapy centers and thermal spas that use hot thermal water utilize bath techniques, respiratory applications, pressure techniques, wraps, etc. These techniques use facilities and amenities such as swimming pools, bathtubs, showers, sprays and stoves, among others. One can also find peloids (thermal mud) and any kind of clay and herbal wraps. From the practices developed in Roman times, but especially from the first hydrotherapy techniques described by Priessnitz until today, there have been numerous innovations that have enabled the spas to adapt to the demands and needs of a new type of customer. Nowadays, there are companies specializing in the design and innovation of hydrotherapy that favour the modernization of existing spas or the emergence of new spas. The highlights are control and automation; new materials; design and architecture designed by prestigious architects.
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The origin of thermalism
When discussing about the history of Thermalism, we really do not realize how much our Western culture owes to classical civilizations.
It is undisputed that those mineral-rich medicinal spring waters, with different sensory features (odour, colour, taste or temperature), were always identified empirically to recognize the health properties of this resource (Fig. 1) . However, the phenomenon of thermalism as we know it today, linked "not only to the medical concepts related to the therapeutic use of medicinal mineral waters and their efficiency (…), but also to a water philosophy or culture, a quest for health and wellness from a natural source" (Mourelle 2009 ), is deeply rooted in the classical era and, essentially, in Roman times (Jackson 1990) . It was precisely then when the use of these waters, whose health properties were usually ascertained through rituals and religion, came to have a more specific therapeutic role. This is not only evidenced by medical treatises and other written sources, but also by the many archeological remains found around these springs.
In this regard, although the notion of spa was frequent in many cultures and, most significantly, in Ancient Greece and Rome, a stark difference can be found during the Roman Empire between those facilities where common water was used for everyday hygiene and enjoyment, and those infrastructures and buildings which started to be built and developed around the main mineral springs, because thermal benefits of medicinal mineral waters were already well known 1 (González Soutelo 2014) . It seems to be proved that the uniqueness of these waters, their formulation and their health properties 2 were considered in ancient medicine. However, only a few references to these waters are found in the Hippocratic school, usually suggesting mistrust of their use (possibly due to the religious connotation attributed to them), until later centuries, when Medicine was further developed and took a more open approach. It was not until the first and second centuries AD when authors such as Herodotus (Orib. X, 4-5) or Caelius Aurelianus (Chron. I, 1-4) wrote enthusiastically about the health properties of mineral waters in detail and described how to better use the different treatments.
After the fall of the Western Roman Empire, there was a progressive extinction of thermal buildings, a general pattern due to the collapse of the urban model existing up to that time. Although the maintenance of hygienic infrastructures declined and the use of these places was transformed-largely due, above all, to new moral imperatives-medicinal mineral waters and their popular use for health treatments would survive to present times.
The decadence of the thermal model created in Roman times 3 was not a result of mistrust of these waters, but rather of the understanding of their characteristics, the lack of a state or body protecting and utilizing them, and a zeal for controlling these resources, also from a moral perspective 4 would lead to a dark period of ignorance, enlightened by rare exceptions.
Thus, the use of water as a treatment linked to health and body care survived in the territories which were gradually conquered by the Arab civilization, as the appreciation for spas (as opposed to Catholic moralistic criticism), essentially in their hygienic variety (al-ḣammām: 5 urban spas, As early as the second century AD, medical texts already identified healing spas-natural mineral water baths-(αὐτοφυῶν λουτρῶν) as opposed to common heated common water baths (λουτρόν)-without an adjective-or "artificial baths" (τῶν ἐξ ἐπιτεχνήσεως) (Antilus, in Orib. 10, 3) . In this sense, in Roman times, the feminine plural word, aquae ("the waters"), was mainly used to refer to these medicinal mineral waters, as defined by Varro (Ling. 9, 41, [68] [69] ; or, more specifically, aquae calidae, fontes calidi or fontis medicati (analyzed in Mudry 2015, p. 70). 2 These are mentioned, for instance, by several authors in the compilation made by physician Oribasius (fourth century AD, Collectanae medicinalia), or the well-known works of authors such as Vitruvius (8, 3, 1), Pliny the Elder (31, 1-5) or Seneca (Nat, 3, [20] [21] [22] [23] [24] , explicitly referring to the mineral formulation of these waters and not just to their temperature, which are linked to the health properties of these springs (s. Oró Fernández 1996 on this topic). 3 The Roman model, however, was pretty close to what we know today. If we examine the concept developed around thermal sites such as Baia (in the Gulf of Naples) or Bath (in South-West England) (Fig. 2) , to name the most representative examples, we cannot find major differences from the image of a European spa around the nineteenth century (Maraver 2006).
with common water and an organization similar to Roman balnea), would gain significance and a strong tradition, which continues to be true in Muslim countries today. Likewise, springs of medicinal mineral water-usually reusing the remains of Roman times around strategic springs-were also considered for their different health properties and monumentality, as evidenced, for instance, by the spas in Alhama de Granada or Alhama de Murcia in the Iberian Peninsula, among many others. Within the European territory, however, the interest for these sources of natural health would determine the continued utilization of some springs, both by monarchs investing in the recovery of some facilities (as early as in Charlemagne's court) and by individuals using these waters for their treatments, given the specialization of some of these springs. 6 This would lead to the first researches, treatises and writings which, following classical tradition, aimed at being guides showing the health possibilities of these springs, providing rules for their adequate use. However, it was not until the fourteenth and fifteenth centuries that a new interest for these waters became widespread when the principles of classical culture were studied in detail in the Renaissance. Scholars sought to understand the formulation of these waters and analyzed the specifics of the treatment which should be used in each of the hot springs (Mudry 2015) . In this regard, medieval spas (called balneis "bathing places", as an essential practice of thermal therapy) are mentioned more and more often in written works as new facilities were built-particularly early in territories with a stronger tradition, such as Italy or England, which welcomed a significant number of spa visitors even then (Routh et al. 1996; García 2010; Nicaud 2015) .
The development of modern thermalism entered then its heyday with the creation of specific works on thermal resorts and the development of significant catalogs, which would be the foundation of subsequent studies allowing to resume the golden age of ancient times and to avow the wealth and abundance of these hot springs as sources of health. Thus, works on medicinal mineral waters would gain popularity essentially in the Italian territory, thanks to authors such as Savonarola (fourteenth to fifteenth centuries) 8 or Andrea Bacius (sixteenth century), followed by more specific research studies by several authors on the water in each territory or city, which would become mainstream from the sixteenth century and, most notably, in the seventeenth century thanks also to the spur of the printing press 9 (Turner 1568; Cottereau du Closs 1671; Limón Montero 1697).
In this regard, the search for potential solutions to common illnesses which found no remedy in other treatments, a spa culture was developed (more and more regulated by medical experts in the different kingdoms), 10 which had its heyday in the nineteenth century and in the early twentieth century, rediscovering the cult of health and the body. Thus, the most renowned spas would become the prime holiday destination for members of the bourgeoisie and nobility, thanks to the development of communications, techniques and medical and analytical progress, and to the material improvement of spa facilities and accommodation and leisure premises.
This second golden era of thermalism would be cut short and lead to the gradual neglect of many spa resorts which had been rocketed to fame in previous years due to (i) the political events which took place in the early and midtwentieth century, essentially due to the wars which affected practically all European countries in one way or another; (ii) the growth of pharmacological therapy, which cheapened treatments and provided a more immediate cure to some illnesses or ailments; (iii) the creation of new leisure and tourism models, essentially geared towards sun and sand destinations.
Not until the end of the twentieth century were naturist practices and alternative medicine recalled (focused on prevention rather than on healing). Drugs were gradually replaced by new more natural and less aggressive treatments, fostering the resumption of modern thermalism (and to a great extent also ancient thermalism), based on social policies and the development of scientific knowledge on the properties of these waters according to the techniques and medical applications for each case.
Thermal techniques
Essentially, when we analyze the indications given by the different authors who have written about this topic since ancient times, we see those do not differ significantly from what has been used to present times in most spas, at least in terms of their use. However, the implementation of new analytics and the use of technology to optimize and improve the experience of spa-goers has meant significant progress in the health and hygiene linked to these facilities, particularly from the last decades of the twentieth century.
Currently, the equipment of centers and facilities providing thermal cures and wellness treatments is diverse, but also very similar (Gutenbrunner et al. 2010) .
First, we must distinguish between the different types of centers using water for healing and wellness purposes. We will use the denomination thermal or healing spa for centers using natural mineral water for their treatments and cures; thalasso center for those using seawater; and spa for those using regular water. We will use the generic term spa for all of them as they all use water for their treatments and, therefore, the thermal techniques will not differ (Table 1) . There are some differencing features, which will be described below, mainly due to the rich mineralization of seawater and some natural mineral water sources, which determine the type of materials used to build equipment and facilities, as high salinity levels wear them out faster.
Baths and ablutions
Although the use of common water baths (τὸ λουτρόν) for health and hygiene treatments is documented in several archaeological sites in Ancient Greece (Ginouvés 1962; Fournet and Redon 2010) , as well as by medical authors since Hippocrates, these facilities were not officially linked to natural mineral water until later, when, once its formulation and properties were described, its use was gradually separated from religious and sacred notions (Sammama 2015) .
Mainly under Roman culture and based on prior models and natural spaces around hot springs, buildings were erected and equipped with different types of tubs and pools, which would greatly facilitate the use of common water for the hygiene and health of Roman citizens. Although early constructions (balneum-a, literally, "bathing place") mainly built from the second century BC had very simple infrastructures, 11 with small dark rooms using regular water and braziers for heating, hydraulic infrastructures and new technology were developed in later centuries, which allowed baths to be an essential part of the Roman daily life since the Imperial era. Thus, since the first century AD exceptional buildings were erected characterized by their large scale and luxury 12 (thermae, etimologically, from Greek θερμά, "hot (bathing) places"). They were fitted with large windows, spacious areas with ponds and pools (solia and piscinae) and supplied with running water at different temperatures (which would allow thermal contrasts) thanks to boilers and underground heating systems (hypocaustum), which provided high levels of comfort and convenience to bathing sessions. 13 This model would spread from the Italian Peninsula to the rest of the Empire as part of any city's urban development (as public, private or empire-owned facilities) and of the residence of wealthy owners who could bear the massive cost of these facilities. All may be considered as the ancestors of current spas or common water baths.
As opposed to this model, other sporadic bathing buildings were also erected on hot springs and adapted to the features of the natural mineral water and to the territory around them, allowing for the creation of facilities for the onsite medical utilization of this resource, essentially in waters recommended for baths or ablutions. These buildings were, therefore, fitted with large pools, 14 which were the focal point around which all rooms revolved, mostly separated with a few steps along their entire perimeter. 15 Thanks to archeology, we can see how other premises were included in those buildings, mainly represented by individual pools and small tanks or ponds, allowing for partial use or ablutions. References to these baths would be recurrent among medical authors in the second to fifth centuries AD, who insisted on the greater efficiency of mineral waters (as opposed to regular water) and on the importance of knowing each type of natural mineral water to treat specific illnesses according to their formulation and to specialized medical advice.
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Bathing was surely the main treatment linked to these hot springs and, as we have already seen, buildings were defined by that very function. Therefore, these bathhouses, which used natural mineral water, would later survive in Western Europe and in the Arab world, as they did not depend on the life of hydraulic infrastructures or on costly maintenance, so in most of cases, they reused Roman buildings which would always be naturally supplied by hot springs. Currently, as in the past, bathing techniques are the most used and the most demanded by users. Among these spa techniques, we can make a difference between pools and tubs according to their collective or individual use (Table 2 ). Pools require a large amount of water to be used collectively. In some thermal centers, classical pools remain (e.g., Alange, with Roman pools still in use (Fig. 3) ), but most centers use modern technology to control all parameters related to fluid mechanics and thermodynamics, thus providing pools with underwater jets for pressure treatments, bubble baths, temperature contrast areas or water directional movement (Fig. 4) .
Tubs require a limited volume of water for individual use, allowing for full or part immersion. Classical tubs, allowing simple bathing, are still used in thermal centers today. New tubs include automatic features, which allow for bubble baths, whirlpool baths, carbonic baths, temperature control, etc.
The uses of spa techniques have also changed throughout the times. Thus, although the therapeutic uses are maintained (Table 2) , the pools are also used for wellness purposes, mainly through different exercises in the water (such as aquaerobic, aquagy, aquapilates, etc.). As for the therapeutic and preventive aspects, innovation has arrived with aquatic therapies such as Watsu, Halliwick or Jahara, which were created for rehabilitation, but are also used for prevention, especially for the recovery of health and vitality in cases of stress and deriving alterations.
The different types of individual baths (simple, bubbles, pressure, etc.) are mainly used for rehabilitation purposes, but also in health and wellness treatments (for anti-stress programs, in peripheric circulation problems or simply for the relief and revitalization of the organism). 
Showers and foot baths
Some remains of Roman thermal spas evidence that there were pipes and pumps located at a certain height, which could be identified with showers or jets to direct water, using a specific pressure, to different parts of the body, as suggested by classical authors Caelius Aurelianus (Chr. I, 1, 42; III, 1, 10), Antyllus (Orib. X, 3), Horacius (Ep. I, 15, 8), or Pliny the Elder (Nat. XXXI, 63). Since there are figurative representations of these practices in Greek black-figure pottery of the sixth to fifth century BC 17 (although referred in general to common water baths and hygiene, Fig. 5 ), we are certain of the presence of these structures in Roman thermal spas as a usual element, both at a height adapted for showering and to spray water to the lower body, as suggested by authors such as Bonnard (1908) for archeological sites in Badenweiler, Triguères or Amélie-les-Bains; or in more recently reviewed sites such as Jebel Oust or Hammat Gader (Broise and Curie 2014; Broise 2015) . Later, this practice would be also used, although material evidence is rarely documented.
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In current facilities, jets and showers are used for pressure treatments, where water is forced out at a variable pressure on the body surface thanks to the appropriate tube device (Fig. 6 ). There is a basic difference between a shower and a jet: in showers, there is a head full of holes or diffusor, which sprays fine or coarse water droplets on the user; in jets, water comes directly out of the hose through a nozzle at different pressures. There are different types of showers: surround, filiform, contrast or massage showers, which allow pressures up to 10 atm.
Both techniques are used to stimulate cutaneous receptors (using the percussion effect), to which the temperature effect is added (hot applications are sedative and cold and body temperatures are more stimulating). Jets and contrast showers are mainly applied for peripheral circulation disorders, as they improve return circulation.
Steam baths and inhalation treatments
One of the most frequent mentions to rooms linked to the use of mineral waters is steam baths. Surely, one of the most recurrent examples from Roman times is the volcanic region of Cumas (Gulf of Naples), where the high temperature of hot springs allowed having steam baths in the caves formed in the hills 19 (Fig. 7) . For example, Vitruvius See Tölle-Kastenbein (1990) for a specific study on this. 18 An example of this survival of forms and treatments is documented, for instance, in the medieval bathhouse of Bagno de Vignoli (Nicaud 2015, p. 90 ) and other Italian examples (Boisseuil 2008) . We have very few examples of these infrastructures, as the reutilization of hot springs and later renovations have practically obliterated all evidence in most cases (Boisseuil 2008) .
(2, 6, 2) or Celsus (2, 17, 1), and more specifically Herodotus gave some explanations about the benefits of these natural vapors (Orib. 10, 40, 6) and the illnesses or ailments they are most recommended for, 20 as mentioned by Celius Aurelianus (3, 8, 112) too. In this regard, inhalation treatments were generally used in natural caves (e.g. Baia or Terme di Suio), or in infrastructures recreating this model, by creating hollow chambers with a raised floor, allowing steam to flow through the walls and false floors (as probably happened in Jebel Oust, Bagnères-de-Luchon or Caldes de Montbui).
This practice, where thermal qualities of water springing at high temperatures in the form of steam are harnessed either naturally or using minimal infrastructure, would be spread throughout different territories and also continued in later times.
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Today, there are very few houses, which have natural stoves still in use. However, they all have premises for individual or collective inhalation of vapors. Natural stoves use a natural cavity, which provides the necessary heat and humidity and can be used individually or collectively. Presently, centers with artificial thermal stoves have installations, which automatically monitor humidity and temperature and include sound and light effects for increased user comfort. Nebulizers and aerosols are applied individually to the airways. Nebulizers produce large droplets, greater than 10 µm; while aerosols produce droplets, smaller than 10 µm. Today, droplets smaller than 3 µm can be produced thanks to ultrasonic techniques. Figure 8 shows a traditional nebulizer and Fig. 9 shows a modern nebulizer.
Hydropinic cure
Oral administration of medicinal mineral water or medicinal mineral water mixed in a drink presents unique characteristics, as it must occur at the spring, where water retains its genuine temperature, pH, radioactivity, etc. Otherwise, it would lose its normal balance. In addition, it must be administered at a specific pace and in an accurate amount, always under medical prescription.
In the past, this was the paradigm of spa treatments, as it was one of the most usual techniques. The intake of medicinal mineral water provides our body with better mineralizing factors, with the effects arising from the water's anionic and cationic content. Seawater can also be used. Thus, this author mentions that mineral water steam baths are certainly more effective and recommends following the steam bath with an immersion, a Vichy or affusion shower or a sea bath. 21 As mentioned above, the use and study of these vapors' health properties was frequent in the area of Baia and Naples (Conforti 2015) , but also in other areas such as Lipari and, very likely, in Thermopylae (Greece), among others.
The effects and actions depend on the type of medicinal mineral water, as the minerals and trace elements contained in it determine its effects. These mineralizing factors permeate the milieu intérieur through the mucous membrane of the digestive system, producing local or general effects, which vary over time on organs, apparatuses and systems.
Fountains supplying medicinal mineral water are used for the hydropinic cure. These are usually known for their name in French (buvette) and are usually found in the middle of a park (classically, it is said that you should "walk the water"), although covered, and at times in enclosed spaces.
When medicinal mineral water is highly mineralized, the buvette is usually protected within a space, which is only accessed under medical prescription, so that water intake is exactly according to a physician's instructions. For lowmineral water, the user or bather can access the buvette freely.
Although little archaeological evidence can be found proving that mineral water is mainly recommended in drinking form (given the limited infrastructures needed for hydropinic use), some cups or vessels linked to this function have been found in some specific sites. However, the health properties of these waters in drinking form are mainly evidenced in written sources.
The most specific classical author, given the detailed description of popular traditions, is Pliny the Elder. In his books, he tackles abuse of water intake and explains how people are mistaken when they drink too much water thinking that the treatment is more effective that way (Nat. 31, 32). In addition, from a medical perspective, Herodotus advocated for the need to undergo different treatments using these waters and the importance of knowing exactly which spring is best in each case and how to use the resource (Orib. 10, 5) .
Finally, we must mention iconography showing these ancient practices: e.g., Pátera de Otañes (Fig. 10), a platter showing the spring of nymph Salus Umeritana and a man (possibly a slave) fetching water and offering it to a thirsty and ill elderly man.
Later, this practice would be extended to most of thermal spas or thermal villas were several infrastructures would be erected to adequately drink these waters, culminating in the first buvettes or monumental fountains, for better control of the treatment, staffed by nurses or dispensers who sold the water for an affordable price. This model is present today in practically all European thermal spas like Mondariz-Balneario in Spain (Fig. 11) , Caldas do Gêres in Portugal, or Royat and Vichy in France, among others.
Currently, the hydropinic cure technique is gaining importance again due to the increasing interest in natural and non-aggressive therapies and to the wealth of studies being conducted on the formulation of medicinal mineral waters, not only for their minerals in general, but also for their trace elements, as they have great therapeutic and nutritional potential.
Peloids
Peloids are blends of an inorganic or organic solid base and thermal water, which, after a maturing process, are used for therapeutic purposes (Gomes et al. 2013) . Natural peloids are used classically, i.e. in wraps, plasters, tubs and brushing. Today new peloids are being developed and matured in a controlled environment in state-of-the-art facilities, such as peloid Terdax de Dax (Knorst-Fouran et al. 2012) .
The use of mud and other ointments made with medicinal mineral water was also a common practice in Roman times, as described by classical authors. Again, Pliny the Elder (Nat. 31, 32, 3) mentioned this form of application, suggesting that the right way to use it was to spread it on the body and then let it dry in the sun. Medical authors also mention this health practice (Calius Aurelianus, Chron. 2, 3, 70). Once again, for obvious reasons, there are few archeological evidence, which allows tracing back the use of peloids in Roman thermal spas. It is still to be verified whether structures were erected to prepare clay for these temperature-regulating treatments (as documented in Lipari). The properties of these clays were also linked to other treatments, such as those related to Aquae Mattiacae (Wiesbaden), where Martial (Epigr. 14, 27) sarcastically recommended this product to treat baldness.
Peloids are presently used for rheumatic disorders (thanks to their thermotherapic action) and skin disease, particularly psoriasis, dermatitis and acne.
The preparation of peloids has evolved in recent years, as increasingly required proven products and that can be handled and manipulated functionally. They are prepared from natural materials such as clays and peats, and for mixtures with mineral water or seawater are used different types of mixers that allow to obtain very handle and easy to apply (and remove) products. Peloids can be applied in the form of plasters, in localized areas of the body or the entire skin surface, in which case also called wraps (Fig. 12) .
New technologies
Over the past few years, thermal centers have introduced new approaches and trends in their facilities to apply thermal techniques. Today, there are companies specialized in thermal design and innovation, favoring the modernization of existing thermal centers and the creation of new spas, which introduce new notions of health tourism (Alen et al. 2014 ). The most significant aspects which should be noted are control, automatization, new materials, design and architecture.
New technologies have enabled the further control and automatization of all variables affecting thermal techniques. Thus, pools, tubs, showers and nebulizers have now control mechanisms allowing to accurately regulate speed, pressure or temperature. Moreover, the new breakthroughs of computing have contributed to the incorporation of new control software, based on neural networks and genetic algorithms which lead to the emergence of smart thermal devices-e.g. Fuzzy Logic Controller or Genetic Algorithm based on Adaptative Fuzzy Logic Controller (Khan et al. 2015 )-developed to control multiple variables. Special attention should also be given to other types of controls, such as those conducted using bluetooth or wifi technology on a smartphone or tablet.
Installations in thermal centers have gradually incorporated new materials such as reinforced PVC films, fiberglass, ceramic materials with nanoparticles, metal alloys, reinforced liner membranes, carbon fiber, mineral resins, Pearl Essence, Gresite, Liner, etc. which improve and ensure easy cleaning. Also noteworthy is the use of recycled materials (Faubel-Serra and Romero-Valiente 2011) achieving the sustainable development of the thermal industry. These new materials allow new surface linings, which are more robust and provide better insulation.
Thermal centers are being updated, using innovative designs, which allow adapting new technologies and new materials to thermal techniques. Likewise, new centers are built mixing classical and avant-garde architecture features. An important factor of thermal architecture is the renovation of thermal areas, the main ones being Thermal Baths in Vals, Switzerland (Zumthor and Hauser 2007) . Additionally, new concepts such as eco-architecture and adapting to the environment of thermal facilities are becoming more and more popular.
Conclusions
Presently, most centers using thermal water still use the classical techniques described also by Priessnitz in the nineteenth century, incorporating new designs and using modern materials which control and automatization systems, which allow resource optimization and better results.
In addition to the aforementioned innovation in materials and automatization, another great change in twentyfirst-century thermalism is the development of architectural spaces, which try to integrate in their environment and in their landscape and blend harmoniously with their surroundings. In the future, new changes will be also made in the management of resources, both medicinal mineral water (for more sustainable use), energy, landscape, environment, etc. 
